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Many radio sources like quasars, blazars, radio galaxies, and micro-quasars exhibit circular polarisation
(CP) with surprising temporal persistent handedness. As a possible explanation we propose that the CP
is due to Faraday conversion (FC) of linear polarisation (LP) synchrotron light which propagates along a
line-of-sight (LOS) through twisted magnetic elds. The rotational nature of accretion flows onto black holes
naturally generates the required magnetic twist in the emission region, independent of whether it is a jet or
an advection dominated accretion flow (ADAF). The expected twist in both types of flows is of the order of
what is required for optimal CP generation, relaxing constraints on the plasma parameters, that were given
in scenarios which rely on Faraday rotation (FR). The mechanism works in electron-positron (e±) as well as
electron-proton (e/p) plasma. In the latter case, the emission region should consist of individual flux tubes
with independent polarities in order to suppress too strong FR. The predominant CP is expected to mostly
counter-rotate (rotation is measured here in sky-projection) with respect to the central engine in all cases (jet
or ADAF, e± or e/p plasma). If the proposed mechanism is indeed operating, it will allow to measure the
sense of rotation of quasar engines. The engine of SgrA∗ is then expected to rotate clockwise and therefore
counter-Galactic, as do the young hot stars in its vicinity, which are thought to feed SgrA∗ by their winds.
Similarly, we expect the microquasars SS 443 and GRS 1915+105 to rotate clockwise. Generally, sources
with Stokes-V < 0 (V > 0) are expected to rotate clockwise (counter-clockwise) in this scenario. Radiation
mechanisms: non-thermal { Radio continuum: general { Polarization { Galaxies: active { Galaxies: jets {
Galaxies: magnetic elds
Introductionsec:intro
The long lasting interest in CP from quasar-like systems [e.g.][ in the following J&O’D]1977ApJ...214..522J
increased recently due to the detection of several new CP sources as SgrA∗ 1999ApJ...523L..29B, 1999ApJ...526L..85S,
M81∗ 2001ApJ...560L.123B, the micro-quasars SS 433 and GRS 1915+105 2000ApJ...530L..29F, 2002MN-
RAS.336...39F, low luminosity AGNs 2002ApJ...578L.103B, and many additional powerful quasars 1998Natur.395..457W,
1999AJ....118.1942H and blazars 2001ApJ...556..113H. In the following we will summarise these systems un-
der the general term quasar, assuming that a similar mechanism produces CP in most of them. The level
of CP is  1% and below, usually (but not in the case of SgrA∗) much lower than the level of LP. On the
one hand CP is highly time variable, but on the other hand in many sources it exhibits a very persistent
rotational sense (per source and at nearly all frequencies where detected), which is constant on timescales of
decades 1984MNRAS.208..409K, 1999AJ....118.1942H, 2002ApJ...571..843B, although exceptions exist. This
is far in excess of the dynamical timescale of the central quasar engine from which the emission originates.
In these sources synchrotron radiation from relativistic electrons produces LP, but only a very small and
usually negligible amount of CP. A number of mechanisms have been proposed to explain the observed CP,
among which FC of LP to CP seems to be the most likely process 2002MNRAS.336...39F,2002astro.ph.10031M.
2002AA...388.1106B and 2002ApJ...573..485R (B&F and R&B in the following) provide a good introductions
into the matter, a detailed discussion of the various CP generation mechanisms, and further references. For
a discussion of scintillation models for CP generation 2002PASA...19...43M should be consulted.
FC of synchrotron emission is a two-step process, since the emitted polarisation state has to be rotated
before it can be Faraday converted into circular polarisation. This can happen by FR, as discussed by e.g.
B&F and R&B and used as a starting point of this work, or it can be done by a systematic geometrical
rotation of the magnetic eld along the LOS, as originally proposed by 1982ApJ...263..595H and discussed
here.
The motivation for the standpoint adopted in this Letter, that the rotation of LP is a geometric eect
rather than FR, is the observational fact that CP changes are very rare, much more rare than LP rotator
events, and that a predominant CP sign seems to be persistent in many sources. As explained in the following,
this observational fact requires in the FR based models a constant magnetic polarity in the emission region
over timescales far in excess of the dynamical timescale of the central engine, since the sign of CP depends
on the magnetic eld polarity in such models. In the geometrical model discussed here, the CP sign is fully
determined by the rotational sense of the central engine. Therefore the persistence of the predominant CP
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sign would { in this picture { be a natural consequence of angular momentum conservation in the outer
accretion disk feeding the central engine.
Faraday conversionsec:conv Homogeneous magnetic eldssec:homo We start our discussion with the
case of a homogeneous magnetic eld, and follow the notation of J&O’D, B&F, and R&B, which should be
consulted for details and references. The evolution of the Stokes polarisation parameters I, Q, U, V along a
given LOS (here dening the z-axis) is governed by equation eq:master ddz (arraycI
Since there is no direct conversion of Q synchrotron emission to V (the corresponding matrix element in
Eq. eq:master is zero) CP has to be produced via a two-step conversion in this setting: After FR of Q into U
it is further converted by FC to V . The sign of V depends only on the sign of κF and therefore on the polarity
of the magnetic eld with respect to the LOS. In a charge symmetric e± plasma (ρe± = 0) FR vanishes, and
this mechanism is unable to operate. On the other hand the total Faraday depth (τF =
∫
dz κF) should not
be too large within the converting region, otherwise the continued FR changes the sign of U , which leads
to the production of V with the opposite sign and therefore cancelling of CP. An eective CP production
can be achieved if both τF and τC =
∫
dz κC are simultaneously of the order one, since V  16 τF τC Q for
τF  1 and τC  1 within an optically thin regionFor an optically thick source, using only the region up to
τ = 1 is a reasonable approximation, leading to V  16 τF τC Q/τ2. CP sign changes can occur around τ  1
1977ApJ...214..522J,1977ApJ...215..236J. However, the intensity of the CP flux with reversed sign is usually
much below the flux with the predominant sign. For that reason 1990MNRAS.242..158B concluded that in
inhomogeneous situations such CP reversals are usually suppressed. Anyhow, here we concentrate on the
predominant sign of CP, and ignore possible complication which can occur occasionally at special frequencies
(determining the optical depth). and much less than this if τF  1 and/or τC  1 due to over-rotation and/or
over-conversion.
In order to produce a signicant V component in the case of a homogenous magnetic eld either κF
has to be ne tuned with the help of a suitable eld orientationIdeally, the eld would be oriented mostly
perpendicular to the LOS { but not perfectly, as B&F point out by emphasising the advantage of a helical
eld conguration.r by a small but non-zero eective leptonic charge density, since κF/κC / %e/ne. Both
possibilities seem to be too contrived to allow CP to be detected in a signicant number of very dierent
sources, ranging from micro-quasars over low-luminosity AGNs to powerful quasars.
Stochastic magnetic elds B&F and R&B demonstrated that a signicant CP production can be achieved
even in the case of a very large microscopic FR coecient if the magnetic eld is mostly stochastic. The
contributions of κF with diering signs due to magnetic eld reversals can cancel each other, leaving only
a small total Faraday depth τF due to an assumed weak mean eld. The strength and sign of this mean
eld determines the strength and sign of the resulting CP respectively. Although some ne-tuning is also
necessary in this scenario in order to simultaneously have the right order of FR and FC, the larger number
of free parameters (eld strength and coherence length, ratio of mean to stochastic eld components, ~ρe, ~ne)
provides a suciently large parameter space to make this scenario a plausible explanation for the observed
CP for a wide range of objects. R&B showed that this approach can produce CP in the case of an e/p and
also in the case of a (charge-asymmetric) e± plasma.
However, in order to explain the long-term stability of the observed sign of V it has to be assumed that
the weak magnetic mean flux has to retain its polarity. This is surprising, since the dynamical time scales
in several of the observed systems are orders of magnitudes smaller than the time-scale over which stability
of the sign of V could be establishedE.g. SgrA∗ and GRS1915+105. The latter was observed to exhibit a
LP-rotator event, but no change in the sign of CP [][ who described an indication of a CP sign reversal to be
insignicant]2002MNRAS.336...39F. However, counter-examples seem to exist, e.g. a CP sign reversal seems
to be observed during the onset of a radiation outburst of GRO J1655-40 in 1994 2002astro.ph.10031M.
Furthermore, the large fluctuations in V indicate strong temporal variations in the strength of the mean
eld. Since the latter should be dynamically unimportant, its stable polarity may be best explained if it
results from an environmental large scale eld, which gets dragged into the central engine.
Twisted magnetic elds
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The formalism of Sect. sec:homo can also be applied to the case of inhomogeneous magnetic elds if
all coecients in Eq. eq:master become spatially dependent, and the FR coecient is replaced by equation
κF ! κR = κF + Ω. Here, Ω = −2 dφB/dz
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